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Electron microscopic (1—3) and histochemi-
cal (4—10) investigations have provided sig-
nificant information on Langerhans cells, hut
the nature of these intra-epidermal dendritie
cells and their relationship to the melanoeytes
are still controversial. A study, therefore, was
undertaken to examine Langerhans cells under
conditions that are known to induce consid-
erable changes within the pigmentary system
and to compare the behavior of the two types
of dendritic cells. The Langerbans cells of the
guinea pig contain nueleoside phosphatases
and aminopeptidase (5) and, they can be
visualized selectively in tissue sections be-
cause malpighian cells and melanoeytes fail
to exhibit these enzymatic reactions (9, 10).
The application of the histoehemieal method
for adenosine triphosphatase (ATPase) to iso-
lated epidermal sheets constitutes an elegant
technic for the quantitation of Langerhans
cells and provides a basis for experimental
studies on this cell population (9).
This paper details our observations on the
effect of ultraviolet light on Langerhans cells
and their enzymatic activities and on melano-
cytes and their tyrosinase reaction. The re-
sponses of Langerhans cells and melanocytes
to this melanogenie stimulus are strikingly
dissimilar, a finding that supports the concept
that they represent two distinct and inde-
pendent cell populations (9).
MATERIALS AND METHODS
Nine pure white, red-eyed, so-called albino
guinea pigs and 10 pure red guinea pigs of both
sexes and weighing from 350 to 600 gm were used.
Four of the white animals showed a minimal slate
pigmentation at the margin of their ears. After
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chemical depilation (Nair), the animals were given
ultraviolet irradiation on the dorsal aspects of
the right ears (white guinea pigs) and on the backs
(red guinea pigs). The white animals were irra-
diated by means of a carbon arc lamp (Bausch
and Lomb) with National Therapeutic carbons
"C" at an arc-object distance of 20 cm. A hot
quartz (5-2303-A) lamp (Hanovia) served as an
ultraviolet source for the red animals; the distance
was 50 cm. The exposure was 5 minutes per day,
6 times a week, up to a total of 25 exposures.
Biopsy specimens measuring 1 by 2 cm were re-
moved from the irradiated sites of two animals
each on the ninth, fourteenth, sixteenth, twenty-
first, and twenty-fifth day of treatment. The left
ears of the white animals were shielded during
ultraviolet exposure and served as controls; biopsy
specimens were taken from the left ears at the
same time as from the irradiated right ears.
Control biopsy specimens were taken from the
backs of the red animals 4 weeks prior to the
start of irradiation. Skin specimens of irradiated
and control areas were subjected to identical
histochemieal procedures. Langerhans cells were
demonstrated in vertical cryostat sections and
isolated epidermal sheets according to a technic
described previously (9) by the use of the histo-
chemical method for ATPase (11). A method for
aminopeptidase (12) as modified for the demon-
stration of Langerhans cells (8) also was em-
ployed in cryostat sections. Melanocytes were
visualized in cryostat sections and epidermal
sheets with the dopa method (13); silver nitrate
was employed to stain melanin.
Langerhans cells and melanocytes were evalu-
ated in regard to their morphology, intra-epi-
dermal localization, pattern of distribution, and
the intensity and intracellular localization of their
enzymatic reactions. In epidermal sheets, the
enzymatically active cells were counted by means
of a reticle fitted into the eyepiece of the micro-
scope and calibrated at a magnification of 430 X.
One field outlined by the reticle corresponded to
an area of 0.0589 sq mm. Cells were counted in
10 to 20 fields, and the cell populations were
expressed as number of cells per square millimeter
of skin surface.
RESULTS
Clinical observations. Six of the nine white
animals Showed appreciable macroscopic
changes. In these guinea pigs a grayish dis-
coloration appeared at the margins of the ex-
posed ears after 1 to 2 weeks of irradiation
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and spread centrifugally. There was a simul-
taneous increase in the intensity of this pig-
mentation which reached a dark gray color
at the end of the treatment in some animals.
Small, perifollicular, pigmented maculcs ap-
peared in the central portions of the irradiated
ears, and in only one guinea pig did a uniform
pigmentation develop at the exposed site. The
shielded (control) cars showed no changes in
color. Red guinea pigs exhibited the first
noticeable effect after 5 to 7 days of ultraviolet
exposure. There was a gradual darkening of the
irradiated dorsal skin but the intensity and
rapidity of pigmentation was variable in
individual animals. The skin of three guinea
Fio. 1. Langerhans cells of car of albino guinea
pig after 2 weeks of ultraviolet irradiation. There
are no appreciable morphologic changes or changes
in enzymatic activity, distribution, and number of
Langerhans cells (ATPase; X 280.)
FIG. 2. Langerhans cells of ear of albino guinea
pig after 3 weeks of ultraviolet irradiation. Cells
and their enzymatic activity appear unaltered.
(Aminopeptidase; X 245.)
pigs appeared almost black at the exposed site
after 3 weeks of treatment.
Jllicrosco pie observations. Vertical Sections.
—Langerhans cells showed no morphologic or
enzymatic changes during the entire period of
ultraviolet irradiation (Fig. 1 and 2). Both
the intensity and the intracellular distribution
of their ATPase (Fig. 1) and aminopeptidase
(Fig. 2) activities remained unaltered, and there
were no appreciable differences in the patterns
of their intra-epidermal localization. As in normal
skin, most Langerhans cells were localized at
suprabasal levels of the epidermis, and only an
occasional cell was seen in the basal cell layer.
The thickness of the epitbelium increased
slightly, but the total number of Langerhans cells,
as observed in vertical sections, did not change
significantly. Only in those areas where the
epidermis had thickened considerably did Langer-
hans cells also appear to be increased in number.
Melanin did not appear within the cytoplasm
of the ATPase- and aminopeptidase-positive
cells. In some of the red animals, pigmentation
was so pronounced that melanin was dis-
tributed throughout the entire epidermis, and
because of the thickness of the sections em-
ployed, it was difficult to decide whether
S 
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Fio. 3. Ear of albino guinea pig. A, Prior to irradiation, dopa-positive melanocytes or
melanin is not present. (Dopa and silver nitrate; >< 190.) B, After 3 weeks of irradiation,
dopa-positive melanoeytes are visible in the basal cell layer, and melanin is sparsely dis-
tributed within the epidermis. (Dopa and silver nitrate; X 150.)
ATPase-positive and aminopeptidase-positive
Langerhans cells were entirely free of melanin.
Demonstrating the most pronounced changes
in red guinea pigs, the melanoeytes exhibited
a more intense and uniform dopa-reaction and
their dendrites appeared thicker and longer.
Melanin not only appeared in the cytoplasm
and processes of the melanoeytes, but also in
malpighian cells. There was a striking increase
in the number of dopa-positive cells. The vast
majority of such cells remained in the basal
layer and seemed to line the entire dermo-
epidermal junction, whereas only a few cells
had been present at this site in the dorsal
skin examined microscopically prior to ultra-
violet exposure. Occasionally, individual
melanocytes had ascended to suprabasal layers
of the epidermis. The controls remained largely
unpigmented and either showed only occasional
tyrosinase-positive cells or lacked them com-
pletely (Fig. 3A). In the albinos, only focal
aggregates of dopa-positive cells and melanin
were seen in the irradiated epidermis (Fig.
3B). In two albino animals, no dopa-positive
melanoeytes or melanin was seen after ultra-
violet treatment, and in two others, melano-
eytes were encountered only rarely.
Epidermal Sheets.—There were no morpho-
logic changes or changes in the pattern of
distribution of Langerhans cells or of the
intensity of intracellular localization of their
ATPase activity comparable to that seen in
the vertical sections (Fig. 4A, 4B, 5A, and
5B). Cell counts revealed that the total number
of Langerhans cells was strikingly constant
throughout the entire period of irradiation in
both red and so-called albino guinea pigs
(Table I). In some animals, cell counts ap-
peared slightly higher than in the controls,
but these differences were well within the nor-
mal range (9) of this cell population.
Melanoeytes showed a stronger dopa-reae-
tion, larger and more complex dendrites, and
an increase of intramelanoeytie and extra-
melanoeytie melanin paralleling the duration
of ultraviolet exposure.
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Fm. 4. Ear of albino guinea pig. Epidermal sheets. A, Langerhans cells prior to irradia-
tion. (ATPase; X 190.) B, Langerhans cells after 3 weeks of irradiation. (ATPase; X 215.)
C, No dopa-positive melanocytes are present prior to irradiation. (Dopa; >< 190.) D,
Clusters of dopa-positive melanocytes and melanin have appeared after 3 weeks of ultra-
violet exposure. Note the differences between C and D whereas A and B are practically
identical. (Dopa; >< 265.)
Most important was a remarkable increase
in the numbers of dopa-positive cells. This
increase was highly significant (Table I), oc-
curring in all animals but being most pro-
nounced in red guinea pigs (Fig. SC and D).
A uniformly dense population of dopa-positivc
cells was invariably present after termination
of the ultraviolet exposure; this was in con-
trast to the sparse and irregular distribu-
tion of melanocytes in the control tissue. Three
of the so-called albino guinea pigs showed no
changes after irradiation; two of them lacked
dopa-positive cells completely (9 days of ex-
posure). In the other white animals, melano-
cytes appeared in clusters and pigmentation
was rather patchy (Fig. 4C and D). The
amount of deposited melanin and the cell
counts obtained were much lower in these ani-
V.
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mals than in the irradiated, red guinea pigs
(Table I). The increase of dopa-positive mel-
anoeytes paralleled the duration of ultraviolet
treatment in both pigmentary strains.
The striking differences in the quantitative
behavior of Langerhans cells and melanocytes
during exposure to ultraviolet light are il-
lustrated in Figure 6 which contrasts the
relative numerical constancy of the Langer-
hans cell population and the twofold to three-
fold increase of melanocytes.
COMMENT
Our observations of the behavior of melano-
cytes are in complete agreement with previ-
ous reports on ultraviolet-induced melano-
genesis in guinea pigs (14). The exposure to
ultraviolet irradiation resulted in a stimula-
Rio. 5. Skin of the back of red guinea pig. Epidermal sheets. A, Langerhans cclls prior
to irradiation (ATPase; >< 215.) B, Langerhans cells after 3 weeks of irradiation. Thcre
are no differences in the Langerhans cell population prior to and after irradiation. (ATPase;)< 215.) C, A small number of dopa-positive melanoeytes is present prior to the irradiation.
(Dopa; >< 215.) D, Epidermis is densely populated by dopa-positive melanocytes after 3
weeks of irradiation. Note the ultraviolet-induced increase of melanocyto numbers. (Dopa;
>< 215.)
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TABLE I
Quantitative assessments of Lan gerhans cells and melanocytes
after ultraviolet irradiation
Guinea pig Day of biopsy
Langerhans cells, cells/ sq mm Melanocytes, cells/sq mm
Control site Irradiated site Control site Irradiated site
Ears of white guinea pigs
1
2
3
4
5
6
7
8
9
9
9
14
14
16
16
21
21
25
1,020
1,020
782
850
1,020
892
986
969
935
1,054
1,105
833
952
986
901
969
918
918
0
0
Occasional cell
408
136
0
Occasional cell
187
85
0
0
272
493
289
68
Occasional cell
238
306
Backs of red guinea pigs
1
2
3
4
5
6
7
8
9
10
9
9
14
14
16
16
21
21
25
25
816
816
1,008
944
896
896
976
944
992
912
992
928
1,008
992
960
1,008
1,008
1,040
976
944
368
256
208
304
192
272
192
288
208
192
448
640
688
688
784
516
656
704
720
752
,ooo
800
E
600
400
200
Fia. 6. Effect of ultraviolet irradiation on Langerhans cells and melanocytes of dorsal
skin of the red guinea pig.
9 4 6 21 25 9 14 16 21 25
Day of irrodation Dayof irradiation
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tion of the tyrosinase activity in the pigment
cells and an increased production and distri-
bution of melanin. Moreover, there was a very
dramatic increase of the total number of dopa-
positive melanocytes which may he explained
as being due to two different mechanisms.
Either preexisting amelanotic melanocytes be-
came dopa-positive and thus visible because
of a stimulation of their tyrosinase system,
or an acceleration of the division rate of melano-
cytes led to a true increase in this cell
population. It may be assumed that both mech-
anisms have been involved in the significant
change within the pigmentary system. Pig-
mentation has been previously induced in the
cars of white, so-called albino guinea pigs by
various exogenous influences, for example, cold
(15), or by the parenteral administration of
mclanocyte-stimulating hormone (16), and has
been attributed to the activation of amclanotic
melanocytes. Similarly, an increase in the
numbers of melanocytes has been observed in
pigmented guinea pigs after mechanical ir-
ritation (17), ultraviolet irradiation (14), and
roentgen-ray treatment (18), as well as being
due to hormonal factors (19—21). There are
marked regional differences in the mclanocyte
population of guinea pigs, the cell counts being
always much higher in the epidermis of the
cars than in the epidermis of the regions of
the trunk (9, 22—24). Thus, even after the
prolonged ultraviolet irradiation in our ex-
periment, mclanocytcs of the trunk region
never reached the numerical density of the
melanocyte population normally present in the
auricular skin. This indicates that the regional
differences of the melanocyte counts are not
solely attributable to a smaller or greater
number of amelanotic cells escaping observa-
tion with the available light microscopic
technics but such counts reflect real differences
in the density of this cell population per unit
area of skin surface. One of the characteristics
of the mclanocyte population is its regional
variability, which is not only found in lower
mammals such as the guinea pig but is also
very prominent in man (25).
The most striking results of the present
study were the constant population of Langer-
bans cell and the lack of any morphologic
or enzymatic changes in individual cells
throughout the entire period of irradiation.
Fan and associates (26) noted a decrease of
gold-positive Langerhans cells after ultraviolet,
roentgen, and thorium X irradiation of guinea
pigs and attempted to relate this observation
to the simultaneous increase of dopa-positive
melanocytcs, particularly in suprabasal posi-
tions. These two processes were considered to
be reciprocal; and, in regard to the hypothesis
that Langerhans cells are "effete" mclanocytes
(24), it was believed that the stimulation of
mclanocytes prevented these cells from becom-
ing "worn-out," from acquiring an affinity for
gold salts, and, thus, from being converted
into Langerhans cells. However, Brcathnach
and co-workers (27), who also noted a decline
of gold-positive cells after thorium X irradia-
tion, were unable to confirm the reciprocal
nature of this Langerhans-mclanocytc rela-
tion.
The observations reported in this paper
provide sufficient evidence that ultraviolet
light does not affect Langerhans cells or their
enzymatic reactions. This fact is of consid-
erable significance in regard to the question
of the Langcrhans cell-melanocyte relationship.
Some of the current hypotheses link the cell
of Langerhans closely to the melanocyte, im-
plying that it represents a certain stage in
the life cycle of the pigment cell. According
to Ercathnach (28), Langerhans cells represent
products of mclanocytc division, half of which
become melanogcnic and thus give rise to a
new melanocyte generation. Zelickson (29)
considered the Langerhans cell as repre-
senting a transitional stage between a fully
functioning and a "worn-out" melanocyte. If
Langerhans cells were in fact such integral
stages in the development or involution of
pigment cells, one would expect that dramatic
changes in the population of melanocytes
should be reflected also in the behavior and
numbers of Langerhans cells.
Ultraviolet light does induce marked altera-
tions in the pigmentary system, whereas Lan-
gerhans cells—individually and as a popula-
tion—remain essentially unaffected (Table II).
The discrepancy in the response of the two
cell populations to the same external stimulus
makes it difficult to accept the presence of a
direct relationship between the Langerhans
cell and the melanocytc.
Quantitative assessments of Langerhans cells
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TABLE II
Influence of ultraviolet light on intro-c pidermal
dendritic eel/s
Langerhans cells Melanocytes
No change of hydrolytic Stimulation of tyrosin-
activity ase activity
No qualitative cell Increase of melanin
changes within the cytoplasm
No quantitative changes Increase of total visible
in cell population cells
No changes in the dis- Increase of cells at
trihution of cells dermoepidermal junc-
tion; occasionally,
melanocytes ascend to
higher levels
in pigmented, so-called albino and recessively
spotted guinea pigs and in different regions
of individual animals have revealed that such
cells constitute a constant component of the
epidermis in contrast to that of the extremely
variable melanocyte population (9). The vari-
ability of the ratio of the Langerhans cell to
the melanocyte indicates that there is no con-
stant numerical relationship between the two
cell types and that Langerhans cells and
melanocytes represent two distinct, independ-
ent, and self-maintaining cell populations with
different patterns of distribution, different
enzymatic behavior, and different functions
(9). The results of this investigation empha-
size the striking differences in the responses
of melanocytes and Langerhans cells to a
melanogenic stimulus and therefore support the
concept of two distinct and independent cell
lines.
5UMMARY
The effect of ultraviolet light on Langerhans
cells and melanocytes has been investigated
quantitatively and qualitatively in guinea
pigs. Melanocytes showed a stimulation of
their tyrosinase activity, an increase of mel-
anin production, and a significant rise in num-
ber. Langerhans cells revealed no changes in
their cellular appearance, in their ATPase and
aminopeptidase activities, or in their dis-
tribution. The Langerhans cell population re-
mained constant throughout the entire period
of irradiation. The dissimilar responses of
Langerhans cells and melanocytes to the same
stimulus support the concept that they repre-
sent two distinct and independent cell lines.
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